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Abstract
Green infrastructure (GI) includes an array of products, technologies, and practices that use natural systems—or designed
systems thatmimic natural processes—to enhance environmental sustainability and humanquality of life. GI is the ultimate
source of the ecosystem services which the biotic environment provides to humanity. The maintenance and enhancement
of GI to optimise the supply of ecosystem services thus requires conscious planning. The objective of this thematic issue
is to publish a cross-section of quality research which addresses how urban planning can contribute to the conservation,
management, enhancement, and creation of GI in the city. The terms of reference include the technical, economic, social,
and political dimensions of the planning/GI nexus. Here we offer a brief overview of the articles published in this collection,
and consider where policy, planning, and design relating to urban GI may be heading in the future.
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1. Introduction
Urban green infrastructure (GI) has been described var-
iously as comprising a cross-city network of greenery,
or a more loosely defined assemblage of diverse green
elements such as parks, domestic gardens, street trees,
and green roofs and walls. Here we apply a broad defi-
nition, adopted from a recent project to develop an evi-
dence base for embedding ecology into urban decision-
making: GI is “an adaptable term used to describe an
array of products, technologies and practices that use
natural systems—or designed systems that mimic natu-
ral processes—to enhance environmental sustainability
and human habitability (quality of life)” (Davies et al.,
2017, p. 31). The operative words here are ‘to enhance
sustainability and habitability.’ If we acknowledge the
city as human habitat (Moudon, 1997), then sustainabil-
ity and habitability represent core objectives for urban
planning, from city-wide scale to the neighbourhood and
to individual buildings.
To pose the question from a different angle, GI is
the ultimate source of the ecosystem services which the
biotic environment provides to humanity. These include
supporting services, necessary for the production of all
other ecosystem services; provisioning services, prod-
ucts obtained from ecosystems; regulating services, ben-
efits derived from the regulation of ecosystem pro-
cesses; and cultural services, the nonmaterial benefits
people obtain from ecosystems (Millennium Ecosystem
Assessment, 2005). Urban GI is a subset of the above,
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incorporating both the restrictions inherent in being cir-
cumscribed by built form, and the particular benefits
necessary to enhance urban quality of life and ecosys-
tem health. The maintenance and enhancement of GI
to optimise the supply of ecosystem services for the city
thus requires conscious planning, from room to region
(Beatley, 2011).
The objective of this thematic issue is to publish a
cross-section of quality research which addresses how
urban planning can contribute to the conservation, man-
agement, enhancement, and creation of GI in the city.
The terms of reference include, but are not limited to,
the technical, economic, social, and political dimensions
of the planning/GI nexus.
2. Overview of This Issue
Building up or spreading out (Mahtta, Mahendra, &
Seto, 2019), and combinations thereof, represent the
options to accommodate urban growth—which itself is
a given, as the rural-urban population balance shifts
increasingly towards the city dweller. The first two arti-
cles in this issue examine strategies for integrating urban
green space with the densifying city, although from dif-
ferent perspectives. Erlwein and Pauleit (2021) note the
supply of urban green space is often at cross purposes
with increasing demand for housing. Their article investi-
gates the interaction between densification and the avail-
ability of green space from the perspective of summer
heat stress, via a set of eight hypothetical densification
scenarios. Application of the microscale urban climate
software ENVI-Met to model these scenarios in Munich,
Germany, demonstrates that preserving existing trees
has the greatest impact on outdoor thermal comfort.
The authors conclude that protection of mature trees
during urban redevelopment projects will become more
urgent in a climate constrained world, alongside mobil-
ity strategies for slowing the proliferation of car parks, a
major cause of tree removal. The second density-focused
article, from Bush, Ashley, Foster, and Hall (2021), sim-
ilarly underlines the challenge of retaining and max-
imising urban greenery in densifying cities. The authors,
from Melbourne, Australia, note an increasing focus on
policy mechanisms for integrating GI into the private
realm. They report on a participatory and transdisci-
plinary research project which informed the creation of
a ‘Green Factor’ tool for application to building develop-
ment proposals in their city.
As well as policy mechanisms and cross-disciplinary
technical capacity, availability of adequate resources
is critical to the establishment and long-term mainte-
nance of urban GI. Cavada, Bouch, Rogers, Grace, and
Robertson (2021) point out the difficulties involved in
securing such resources, arguing that generally peo-
ple and organisations take steps to allocate resources
when they can see value accruing to them. Their arti-
cle describes a case study relating to a woodland in
Birmingham, UK, where stakeholders came together
to identify value-generating opportunities for their
own organisations within the framework of a social-
enterprise business model. The authors report that
while stakeholders can identify opportunities, limita-
tions due to communication, time, andmethodology can
constrain the business model, highlighting the impor-
tance of social-enterprise entrepreneurs as catalysts and
long-term enablers.
The fourth article in this thematic issue, by Matsler,
Miller, and Groffman (2021), likewise emphasises the
social, ecological, financial, and political challenges
involved in urban GI implementation. The authors dis-
cuss comparative case studies of GI development in
Portland and Baltimore, USA, through the lens of an
integrative ‘Social, Ecological and Technological Systems’
(SETS) analysis. They point out that this approach can
complement standard planning processes by shedding
light on potential trade-offs. The SETS ‘eco-techno’ spec-
trum thus “becomes a platform to explore the institu-
tional knowledge system dynamics of GI development”
(Matsler et al., 2021, p. 49), identifying gaps and promot-
ing solutions.
Building capacity around policy, planning, design,
and management of GI demands human as well as insti-
tutional and capital resources. Noting that professional
bodies have highlighted the need for spatial planners
to understand and implement urban GI, Frank, Flynn,
Hacking, and Silver (2021, p. 63) ask what kind of spe-
cialised knowledge planners may need “and moreover
by whom and how GI knowledge and competencies may
be conveyed?” They found that the status quo relies
heavily on continuing professional education and ad hoc
opportunities in higher education, leading to a frag-
mented knowledge base and limited theoretical foun-
dations. Frank et al. (2021, p. 63) conclude that a “sys-
tematic inclusion of green infrastructure knowledges” in
existing planning curricula is necessary to facilitate effec-
tive urban GI implementation.
‘Doing less bad’ is clearly necessary, but certainly
not sufficient for the transition to sustainable urban-
ism. The final article in this collection, by Thompson and
Newman (2021), focuses on the concept of regenerative
cities. Such cities, they explain, rely on eco-efficiencies,
the circular economy, and net positive energy and water
management to deal with issues such as climate change.
Thompson and Newman (2021) also reference an
ecological approach to urban planning and design. Their
article acknowledges the tensions between regenerative
(‘pro-density’) and ecological (‘anti-density’) approaches
and focuses on how combining GI with biophilic urban-
ism can help to reconcile these paradigms to achieve
both regenerative and ecological outcomes.
3. Conclusions
The overall conclusions from the articles featured in this
thematic issue is the overriding and increasing impor-
tance of good quality GI. The articles feature research
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undertaken in the northern and southern hemispheres—
e.g., Europe, Australia, and North America—which is tes-
tament to the global significance of the topic. In 2020,
humankind has experienced the Covid-19 pandemic,
with most people working from home and restricted
from going out for extended periods and limited to trav-
elling only a few kilometres from home. This substantial
change of lifestyle has increased the importance, con-
sciousness, and relevance of GI globally. People aremuch
more aware of local parks and green space as places for
safe interaction with nature and other people, albeit at
a distance.
This issue is themed around evidence for embedding
ecology into decision-making. Four essential stages are
recognized, which are to conserve, manage, enhance,
and create (Davies et al., 2017). There are five key ways
in which we can deliver these essential stages. First, in
policy we should protect. Protecting existing GI, partic-
ularly urban tree canopy, avoids losses that invariably
takes years to recover. Well drafted planning policy is
an effective means of protection. Second, and again
emerging from a policy framework, is the development
and adoption of tools such as Melbourne’s Green Factor
tool. These tools provide a robust approach for stake-
holders to develop and adopt transparent benchmarks.
From these benchmarks, management, enhancement,
and creation of GI is possible. The third key conclusion
is the need to value GI, and to communicate and edu-
cate the community about the various social, economic,
and environmental values of GI and their respective ben-
efits. The outcomes of education and communication
are increased requests for GI and appreciation of its val-
ues. The fourth conclusion is the vital role of planners
and professional bodies in raising awareness, design-
ing and implementing policies, and updating and broad-
ening education programs to reflect the vital role of
GI in sustainable, liveable, resilient urban development.
Through their efforts it will be possible to increase deliv-
ery of GI. Finally, the concept of regenerative design is
posited, whereby GI is a vital ingredient to deliver urban
development with positive GI and its associated bene-
fits of better air quality, increased habitat for biodiver-
sity, biophilic engagement of human populations, moder-
ation of the urban heat island, attenuation of stormwa-
ter flow, and where placed near or on buildings, reduc-
tions in energy used in heating and cooling. In summary,
the articles provide ample evidence for embedding ecol-
ogy into decision-making to deliver the improved GI-rich
urban developments which are desperately needed.
So, where to in the future? The term ‘megatrends’
has propagated through both the academic and pop-
ular literature since the publication of John Naisbitt’s
(1982) book of that name. It is worth a brief excursion
into potential megatrends affecting urban GI: Some of
these are addressed in this collection of articles, some
are not. Coronavirus has underscored the salutogenic
(Antonovsky, 1979) function of urban GI, in terms of both
physical and mental health. Whether contributing to
stress reduction or facilitation of active transport, rapid
urbanisation will ensure this aspect continues to expand.
And as our cities grow, the abundant potential of urban
agriculture as a GI type is becoming increasingly evident.
The rising importance of digital technologies such as GIS,
remote sensing, big data, and the internet of things allow
us to conserve, manage, enhance, and create GI and
ever more efficiently and effectively integrate it into our
urban human habitat. Further, as we grasp the challenge
of dwindling natural resources and the need for circu-
larity to replace linearity in economic management, the
application of life cycle thinking to urban GI—supported
by the above digital technologies—will underpin applica-
tion of new methods to enable the transition from sus-
tainable to regenerative policy, planning, and practice.
Last but certainly not least will be the increasing role of
GI in cooling our overheating cities.
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